Summary In a case-control study of gastric cancer (GC) only a weak association with total alcohol intake. Cardia tumours showed a greater familial occurrence of GC than did other sites, with a 7-fold increase in risk for those reporting two first-degree relatives with GC. The authors discuss these findings in view of the rising incidence of adenocarcinomas of the cardia and lower oesophagus that has been reported in some western countries.
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Summary In a case-control study of gastric cancer (GC) in high-risk and low-risk areas in Italy, 923 GCs were reviewed by one pathologist and classified according to anatomic site. There were 68 (7.4%) cancers occurring in the gastric cardia. Compared to other GCs, cardia cancer tended to occur more often in males (sex ratio 2.8 vs 1.7) and as intestinal or unclassified histologic types. Nutritional factors for cardia tumours resembled those of other GCs, showing inverse associations with the consumption of raw vegetables, citrus and other fresh fruit, and ascorbic acid, and positive associations with the intake of traditional soups and meat, protein and cholesterol, and preference for salty foods. Cigarette smoking and wine consumption were unrelated to cardia cancer risk, and there was only a weak association with total alcohol intake. Cardia tumours showed a greater familial occurrence of GC than did other sites, with a 7-fold increase in risk for those reporting two first-degree relatives with GC. The authors discuss these findings in view of the rising incidence of adenocarcinomas of the cardia and lower oesophagus that has been reported in some western countries.
A long-standing downward trend has been reported for gastric cancer (GC) in almost all countries of the world (Howson et al., 1986) . Recently, however, a rising incidence of cardia tumours has been described in the United States and some European countries (Blot et al., 1991; Moeller & Jensen, 1987; Powell et al., 1990) . These divergent patterns suggest that etiologic factors for cardia cancers differ from those for other GCs. Few epidemiologic studies, however, have evaluated risk factors according to GC site. In this report we utilise data from a large case-control study of GC carried out in Italy, in which 923 GCs were reclassified by one pathologist according to Lauren histologic type (Buiatti et al., 1991) and to tumour location. A number of dietary factors have been linked to GC in this multicentre study involving high-risk and low-risk areas of Italy (Buiatti et al., 1989a (Buiatti et al., , 1990 . In this report we examine such associations by anatomic site.
Materials and methods
Details of the study protocol have been published elsewhere (Buiatti et al., 1989b (Buiatti et al., , 1990 (Buiatti et al., 1989b (Buiatti et al., 1991; Palli et al., 1991 (Fidanza & Versiglioni, 1988) (0) - (0) - (0) 3 (100) All others 146 (48) 98 (32) 20 (7) 41 (13) previous gastric surgery. For each site, risks decreased with increasing social class, and were higher in residents of rural than urban areas. The risk of other GCs was significantly lower among persons migrating from the low-risk areas of southern Italy, but no such effect was seen for cardia cancer (OR= 1.3; 95% CI 0.5-3.4).
The risks for cardia and other GCs were elevated in association with a familial history of GC (Table IV) . The risks were highest for cardia tumours, although not significantly different from other sites; four of the five cardia cases reporting two or more first degree relatives with GC were classified as intestinal according to Lauren, and one was unclassified. The risks for cardia and other GCs declined as the body mass index (weight/height-squared) increased.
Our earlier analyses (Buiatti et al., 1989a) linked GC to certain diet-related variables, including ownership of a freezer (yes/no), age at which a refrigerator was obtained, habit of storing foods in the refrigerator (often/seldom), usual consumption of frozen foods (low, medium, high), and habit of adding salt (never/often) and taste for foods (low salt/ normal/salty). Separate analyses of these variables revealed similar ORs for cardia vs other GCs, although a stronger increase in risk for cardia tumours was associated with preference for normal (OR = 3.3; 95% CI 1 .1-9.3) or salty foods (OR = 3.2; 95% CI 1.1-9.9) vs low salt foods. Table V shows ORs for the highest compared to the lowest tertile of intake of 17 food groups. Each food group was included in a separate model, adjusting for the matching variables and the main confounders. The ORs were similar for cardia and other GCs, showing increased risks associated with the consumption of traditional soups, meat and salted/ dried fish, and decreased risks associated with raw vegetables, citrus and other fresh fruit.
Table VI presents the ORs associated with smoking and alcohol consumption. Cigarette smoking was evaluated using categories of never, current and ex-smokers, along with an index of pack-years of smoking among current and exsmokers. Among current-or ex-smokers no increased risks of either cardia or other GCs were found. Results were similar when using other smoking history variables, such as packyears. No significant increase in risk was shown with increasing consumption of wine. For cardia tumours, however, risk was highest (OR = 1.4; 95% CI 0.7-3.7) among those in the highest quintile of total alcohol intake.
Although they reported lower body mass indices in the period investigated by the questionnaire (2 years before the interview), the cases with other GCs tended to consume more calories than did controls, while no relation was seen for cardia tumours. In Table VII , ORs adjusted for caloric intake are shown for the highest compared to the lowest quintile of consumption of 12 nutrients. The ORs were generally similar for each site, with protective effects for ascorbic acid and alpha-tocopherol, and increased risks for the intake of protein, cholesterol, nitrites and starches. However, confidence intervals tended to be wider for cardia cancer. ) , and potential inhibitors in the form of anti-oxidants (ascorbic acid, beta-carotene and alpha-tocopherol). Vegetable fats were not included, because of their colinearity with alpha-tocopherol. In this multivariate model, decreased ORs were associated with ascorbic acid and alphatocopherol for both cardia and other GCs. Protein intake aAdjusted for the variables in the basic model and kilocalories (log-scale), but not other nutrients. was a strong risk factor for both sites, while no association was shown with nitrite and beta-carotene.
The small number of cardia tumours precluded a meaningful analysis by histologic type, either for dietary or familial histories.
Discussion
In this population-based case-control study of GC in highrisk and low-risk areas of Italy, the number of subjects was sufficiently large to evaluate risk factors according to anatomic site. The cardia tumours, which represented less than 10% of the total, occurred proportionally more often in men than women, and were more frequently intestinal or unclassified and less often diffuse, when compared to distal sites in both sexes. Risk factors for cardia and other tumours were found to be very similar. No effect was found for smoking at either site and only a weak association with alcohol consumption was present for cardia tumours. Cardia tumours also showed a greater familial occurrence of GC than did other sites, but the difference was not statistically significant.
Our findings are interesting in view of the rising trend in the incidence rates for adenocarcinomas of the gastric cardia, gastro-esophageal junction and lower oesophagus that has been reported recently in the United States (Blot et al., 1991; Yang & Davis, 1988) and northern Europe (Moeller & Jensen, 1987; Powell et al., 1990) , with cardia tumours representing up to 50% of the total GC incident cases among males. However, no appreciable trend over time has been observed for cardia tumours in the French-speaking Swiss canton of Vaud (Levi et al., 1990 ). We do not have information on incidence trends for cardia cancer in Italy, but the relatively low percentage (7.4%) in our series suggests that, as of the mid-1980s, a large increase has not occurred. In our study the sex-ratio for cardia cancer was higher than for other sites, but not to the extent reported elsewhere (MacDonald & MacDonald, 1987; Yang & Davis, 1988) . However, in the high-risk Japanese population, the sex-ratio (3.0) and prevalence (5.7%) for cardia tumours resemble what we have observed (Unakami et al., 1989) .
Few studies on gastric cancer have investigated risk factors according to anatomic site, including the cardia. We found no association with smoking nor with high wine consumption for cardia tumours, although a weak effect was suggested for total alcohol intake. In Japan, alcohol consumption was not associated with cardia or other GC tumours, but a smoking effect was suggested for cardia (Unakami et al., 1989) . In China, alcohol consumption was too low to be evaluated, but smoking appeared to be weakly associated with cardia tumours (Li et al., 1989) . In Los Angeles, a population-based study of young male GC patients (<55 years of age) noted an effect of alcohol consumption and smoking, most notably for cardia tumours (Wu-Williams et al., 1990) . The consensus of evidence from all investigations, however, is that alcohol and tobacco consumption are at best only weakly related to cardia cancer, in contrast to the strong effects documented for squamous cell carcinoma of the oesophagus (Blot et al., 1991) . In our study risks associated with specific foods or food groups and nutrient intakes were remarkably similar when comparing cardia and distal tumours. These include the protective effects of raw vegetables, citrus and other fresh fruit and ascorbic acid, along with the risks imparted by the consumption of traditional soups and meat, as well as protein and a preference for salty foods. In Los Angeles, a significantly increased risk was associated with high consumption of beef for cardia but not other GCs (Wu-Williams et al., 1990) . However, in China, where consumption of meat is low, no clear dietary factor was found for cardia tumours (Li et al., 1989) .
In summary, this population-based case-control study of GC in Italy revealed no evidence that specific nutritional or other risk factors differentially affected the cardia vs distal sites. However, the proportion of cardia tumours is much smaller than in other western countries that have recently experienced remarkable increases in the incidence of adenocarcinomas of the cardia and lower oesophagus. Further research on environmental and host determinants of these emergent tumours is urgently needed.
